In 1997, an initial set of reporting standards for studies directed at the endovascular repair of the infrarenal aortic aneurysm was introduced by the Ad Hoc Committee for Standardized Reporting Practices in Vascular Surgery of the Society for Vascular Surgery/International Society for Cardiovascular Surgery. 1 Since this initial report, the rapid evolution of the field has led to new concepts and insights into factors that define success and clinicopathologic features that have a measurable impact on outcome. Thus, a revised set of recommended standards is presented to accommodate these and other developments in this emerging discipline.
CLASSIFICATION CRITERIA FOR ARTERIAL ANEURYSMS
Recommendations regarding the definition and classification of arterial aneurysm have been previously published. 2 As noted in this initial document, precise nomenclature is desirable, but a risk of overclassification exists that may result in small patient subgroups that preclude meaningful data analysis. Moreover, no classification of aneurysms on the basis of a single factor has proved to be entirely satisfactory. Therefore, classification of aneurysm is recommended with respect to a combination of factors, including: (1) site; (2) etiology; and (3) clinicopathologic manifestations. In any one specific report, selection of only one of these factors as the basis for classification may be appropriate.
Anatomic classification. All reports should classify aortic aneurysms on the basis of site and extent of disease (Table I) . Respective definitions and recommended classification schemes for nonaortic arterial aneurysms have been described in detail elsewhere. 2 Etiologic classification. It is recommended that reports identify arterial aneurysm etiology. Specifically, distinction should be made between degenerative (arteriosclerotic), anastomotic, infectious, inflammatory (noninfectious), traumatic, and congenital aneurysms. Although dissection may be associated with any of a number of underlying causes, such as Marfan's syndrome or hypertension, it represents a distinct pathologic entity that should be noted accordingly in clinical reports.
Clinical classification. Aneurysms should be categorized by clinical presentation as asymptomatic or symptomatic. Specific symptoms and their time course should be documented, including those related to compression or erosion into neighboring structures, thrombosis, or embolization. Rupture should distinguish between a free rupture, fistulization into an adjacent organ, and a contained rupture. In this regard, central hemodynamic status should be reported, including blood pressure and response to initial resuscitation (stable, unstable, cardiac arrest).
OUTCOME CRITERIA AND DEFINITIONS
The motivation for aneurysm treatment is elimination of the risk of rupture and death. Therefore, by definition, the primary outcome criteria for endovascular aneurysm repair include the prevention of: (1) aneurysm rupture; (2) death from aneurysm rupture; and (3) aneurysm-related death that may result from primary or secondary treatment. Nonetheless, the mere presence of a device does not necessarily prohibit aneurysm rupture and death. Thus, surrogate markers that suggest a continuing or increasing risk of rupture, such as aneurysm enlargement or endoleak, although designated as secondary outcome criteria, play a critical role in the overall assessment of the effectiveness of endovascular treatment strategies. All told, significant value exists in reporting an accepted and unifying measure of clinical success that combines the most significant of primary and secondary outcome criteria, which reflect the goals of this treatment method. The following section provides recommendations for the definition and reporting of clinical success and associated outcome criteria that impact on the clinical effectiveness of endovascular repair.
Definition of success
Defining the success of endovascular aneurysm repair remains dependent on a consideration of both clinical and radiographic criteria within the context of a historic standard established by open surgical repair in which the aneurysmal segment is treated with in situ prosthetic graft replacement. In this regard, a similar result can only be accomplished with an endograft, if complete exclusion of the aneurysm from the circulatory system is achieved. Some investigators, however, have suggested that the presence of a persistent type II endoleak after endovascular repair may not be an absolute predictor of late aneurysm expansion and rupture. 3 Moreover, it has also been argued that a measured reduction in rupture risk may be possible even in the presence of a type II endoleak. In the absence of definitive data, the relative predictive value for this and other outcome criteria with respect to the risk of aneurysm rupture remains incompletely defined. Thus, future investigations may lead to further refinement of the recommended definitions of success presented herein.
Definition of technical success. Technical success relates to periprocedural events that occur from the initiation of the procedure and extend through the first 24-hour postoperative period. Primary technical success is defined on an intent-to-treat basis and requires the successful introduction and deployment of the device in the absence of surgical conversion or mortality, type I or III endoleaks, or graft limb obstruction. A technical success thus implies the following qualifying details:
1. Successful access to the arterial system using a remote site (ie, the femoral, external iliac, common iliac, or brachiocephalic arteries with or without use of a temporary or permanent prosthetic conduit to access these arteries); 2. successful deployment of the endoluminal graft with secure proximal and distal fixation; 3. absence of either a type I or III endoleak; 4. patent endoluminal graft without significant twist, kinks, or obstruction (Ͼ30% luminal stenosis or a pressure gradient Ͼ10 mm Hg) by intraoperative measurements.
Primary technical success can include the use of additional modular components, stents, or angioplasty, and adjunctive surgical procedures. However, if unplanned endovascular or surgical procedures are necessitated, the terms assisted primary or secondary technical success, respectively, should be used.
Secondary endpoints should be reported, such as procedure time, blood loss, blood transfusion, fluoroscopy time, contrast load, recovery time, range and average number of days in an intensive care unit, and hospital length of stay. However, these parameters do not enter into the consideration of technical success rates.
Definition of clinical success. Clinical success should be reported on an intent-to-treat basis and requires successful deployment of the endovascular device at the intended location without death as a result of aneurysm-related treatment, type I or III endoleak, graft infection or thrombosis, aneurysm expansion (diameter Ն5 mm, or volume Ն5%), aneurysm rupture, or conversion to open repair. Moreover, the presence of graft dilatation of 20% or more by diameter, graft migration, or a failure of device integrity classifies a case as a clinical failure. Clinical success can be claimed for those cases with a type II endoleak only in the absence of aneurysm expansion. As long as the significance of a type II endoleak and its implication as a marker for late clinical failure remains an area of active investigation, it is recommended that reports clearly indicate the proportion of patients classified as clinical successes that harbor a type II endoleak.
The presentation of clinically meaningful success rates mandates that the data are statistically valid for the time period in question. Specifically, the standard deviation of life 
Aortic and iliac artery remodeling
Because aneurysm size is the predominant factor determining risk of aneurysm rupture, 5 changes in aneurysm dimension have been used as a surrogate marker for clinical efficacy after endovascular repair. Other morphologic changes, including progressive iliac angulation and aortic neck enlargement, may occur in response to either aneurysm exclusion or associated degenerative changes in adjacent segments, respectively. These late changes in aortoiliac anatomy have not been used in the definition of clinical success after endovascular aneurysm repair. Nonetheless, they may have a significant impact on late device performance and treatment durability. Thus, characterizing morphologic responses to endovascular intervention is useful both in defining clinical outcome and in serving to suggest mechanisms and engineering remedies in the event of a device failure.
Changes in dimension of the aortic aneurysm. In endovascular repair, the aneurysm sac is left intact and, as a consequence, this feature plays an important role in outcome assessment. Principally, changes in the dimension of the residual sac assist in defining the success or failure of aneurysm exclusion. Specifically, clinical correlation suggests that aneurysm growth after endovascular repair is an indicator of incomplete aneurysm exclusion, continued risk of aneurysm rupture, and a presumed treatment failure. 6 In addition, secondary changes in the configuration of the aortoiliac segment, in response to a reduction in aneurysm size, may jeopardize the integrity or function of the endovascular graft.
Because variations in size occur in three dimensions, both sac volume and diameter are relevant parameters for defining changes in aneurysm size. It is noteworthy, however, that relatively small diameter shifts of 1 to 2 mm, that may otherwise be difficult to accurately measure with conventional imaging techniques, may be correlated with a significant change in aneurysm volume.
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Methodology for measuring changes in aneurysm diameter, volume, and length. Aneurysm size should be expressed as either maximum diameter or volume. Modality, method, and definitions should be clearly described, and comparisons should only be made between identical sources. Preferably, maximum aneurysm diameter should be measured perpendicular to the flow line of the vessel with three-dimensional reconstructed computed tomographic (CT) scan images. Because the aneurysm cross section often appears elliptic on axial images, the minor axis of the ellipse (smaller diameter) is generally a closer approximation of true maximum aneurysm diameter. 10 The intraobserver and interobserver variability of diameter measurements obtained from CT scan images range between 2 and 5 mm or 5% and 15%. 11, 12 Therefore, a diameter change of 5 mm or more is considered significant. Blinding of observers and data sets are recommended to minimize bias.
Total aneurysm volume is defined as the volume within the native aortic wall, which extends from the level of the most caudal renal artery to a reproducible distal landmark, such as the aortic or iliac bifurcation. Lumenal aneurysm volume is defined as the volume circumscribed by the endograft, while nonlumenal aneurysm volume is comprised of thrombus and, if present, endoleak. Endograft dilatation may be associated with an increase in lumenal volume, while reduction in aneurysm size is principally related to a decrease in nonlumenal volume. The term complete aneurysm resolution should be used if the nonlumenal aneurysm volume is less than 10% of the original nonlumenal volume noted after endograft implantation. The intraobserver and interobserver variability for volume measurements have ranged between 3% and 5%. Therefore, a volume change of 5% or more is considered significant. 8 A reduction in aortic length has been noted in association with a reduction in aneurysm size and may be associated with predisposition for endograft buckling, kinking, and component dislocation. 13 Aortic length is recommended to be measured from the most caudal renal artery to a reproducible distal endpoint, such as the aortic bifurcation, along the flow line axis, as depicted in three-dimensional reconstructed spiral CT scan images. 14, 15 Of note, in the absence of three-dimenstional reconstruction, aneurysm length is underestimated as determined from axial CT scan images. [16] [17] [18] Moreover, limitations also exist for angiography performed with a calibrated marker catheter. 14, 19 Changes in dimension of the aortic neck. Longterm aneurysm exclusion and device stabilization is dependent on the maintenance of an effective attachment, connection, or seal between the endograft and the host aorta. Therefore, dilatation of the aorta at the site or sites intended for primary endograft fixation may lead to treatment failure either with device migration or via the occurrence of a new endoleak with aneurysm expansion. [20] [21] [22] [23] Methodology for measuring changes in neck dimension. Both diameter and cross-sectional area of the aortic neck at the sites intended for sealing or graft attachment are reportable parameters, and measurement perpendicular to the flow line is recommended. If the aortic segment does not run perpendicular to the plane of measurement, the smallest diameter (minor axis of the elliptical cross section) is an appropriate approximate of the true neck diameter. 20 Notably, the outer perimeter of the aortic neck wall should be used as the reference point for all measurements. Modality, method, and definitions should be clearly described, and comparisons should only be made between identical sources.
Changes in dimension of the iliac arteries. Progressive angulation of the aortoiliac segment leading to distortions of the endograft can accompany reductions in aneurysm size. This may result in endograft disruption or limb occlusion. Likewise, progressive dilatation of an iliac artery may also contribute to device instability or loss of effective aneurysm exclusion. Accordingly, alterations in iliac artery angulation and size after endovascular grafting and the consequent responses of the prosthesis may be important determinants of outcome.
Methodology for measuring changes in iliac artery diameter and tortuosity. Three-dimensional image analysis with appropriate anatomic referencing is recommended for accurate determination of iliac angulation and tortuosity. A second option is the presentation of measures derived from oblique, anteroposterior, and lateral plain abdominal x-rays that provide a simpler, albeit more approximate, approach. Admittedly, if the latter approach is used, variations in position, angulation, and equipment may have a significant impact on the reproducibility of derived measures. Definitions and categorization of iliac tortuosity and angulation have been detailed elsewhere. 4 Methodology for reporting sequential changes in aortoiliac morphology. After placement of an endovascular prosthesis, the local biomechanical and hemodynamic environments of the native aorta are altered. As a consequence, dynamic changes in aortoiliac morphology are observed over time. The rate, magnitude, and direction of this response will be influenced by properties inherent to the chosen device and host aorta. Defining, with assuredness, the onset and durability of an unqualified treatment success will require capturing the time course and the direction of these associated morphologic changes.
Reporting morphologic changes that occur during a study period. Changes in aneurysm dimension should be reported in terms of prevalence (%) with the number of available subjects at each time period clearly stated. In this regard, the investigator should report the following outcome measures: (1) reduction in abdominal aortic aneurysm (AAA) diameter or volume by 5 mm or more or 5% or more, respectively; (2) enlargement in AAA diameter or volume by 5 mm or more or 5% or more, respectively; and (3) absence of significant change either in AAA diameter or volume. In characterizing the absence of aneurysm expan-sion at any time during a study period, life table or KaplanMeier analysis is an appropriate form for data presentation, as in freedom from aneurysm expansion.
Long-term studies are anticipated to provide data for two additional outcome measures of increasing interest: (1) complete aneurysm resolution; and (2) the rate of change of aneurysm diameter or volume, with a distinction between population subgroups that show either an enlargement or reduction in aneurysm size. Measurable changes in aneurysm dimensions have been reported immediately after endograft deployment. Therefore, changes in aneurysm size should be referenced to those measurements obtained from the first set of postoperative images. Likewise, similar methodologic approaches can be adopted for presenting the changes of other morphologic features, such as aortic neck diameter, aortic length, or iliac angulation.
Endoleak and endotension
Endoleaks, including their detection, potential clinical significance, and treatment, remain an active area of investigation. However, although it is now evident that an endoleak may resolve spontaneously, a proportion of those that do persist have been associated with late aneurysm rupture. [24] [25] [26] [27] Thus, endoleak remains an important measure of clinical outcome.
Definition of endoleak. Endoleak is defined by the persistence of blood flow outside the lumen of the endoluminal graft but within the aneurysm sac, as determined by an imaging study. 28, 29 An endoleak is evidence of incomplete exclusion of the aneurysm from the circulation and may be the result of an incomplete seal between the endograft and the wall of the blood vessel, an inadequate connection between components of a modular prosthesis, fabric defects or porosity, or retrograde blood flow from patent aortic side branches. 29, 30 Although intrasac pressure may approach systemic arterial pressure in the presence of an endoleak, some type II endoleaks have been associated with shrinking aneurysms and intrasac pressures that are substantially less than systemic values. 31 Classification of endoleak. An endoleak can be classified according to time of occurrence relative to the operative procedure and site of origin. 32 An endoleak first observed during the perioperative (Յ30 days) period is defined as a primary endoleak, and initial detection thereafter is termed a secondary endoleak. 29 The reappearance of an endoleak either after spontaneous resolution or after an intervention that was considered successful is defined as a recurrent endoleak. Further categorization requires precise information regarding the course of blood flow into the aneurysm sac (Table II) . A Type I endoleak is indicative of a persistent perigraft channel of blood flow caused by inadequate or ineffective seal at either the proximal or distal graft ends or attachment zones. Use of subscripts a or b indicate a type I endoleak originating at the proximal or distal ends of the endograft, respectively. In the case of an aortoiliac prosthesis, a type I endoleak may also refer to blood flow around an iliac occluder plug and should be indicated with use of subscript c. A type II endoleak is attributed to retrograde flow from lumbar arteries, the inferior mesenteric artery (IMA), or other collateral vessels. Origin and outflow sources of a type II endoleak should be specified, such as lumbar-lumbar, lumbar-IMA, accesory renal-lumbar/ IMA, hypogastric-lumbar/IMA, or undefined. It should be emphasized that any connection of flow to proximal or distal graft ends or attachment zones, even in the presence of retrograde flow from a lumbar or IMA vessel, classifies an endoleak as type I. An endoleak caused by fabric tears or disruption, component disconnection, or graft disintegration is classified as a type III endoleak. Distinction between modular disconnection and fabric tear can be indicated through the use of subscripts a and b, respectively. A type IIIb endoleak can be further stratified with respect to the extent of fabric disruption as major (Ն2 mm) or minor (Ͻ2 mm). An example of the latter is late "microleaks," which can develop at the site of suture attachment of a fabric to supporting elements. Blood flow through an intact but otherwise porous fabric, observed during the first 30 days after graft implantation, is termed a type IV endoleak. 32 This designation is not applicable to fabric-related endoleaks observed after the first 30-day period. If an endoleak is visualized on imaging studies but the precise source cannot be determined, the endoleak is categorized as an endoleak of undefined origin.
Endotension. It is now appreciated that an AAA may continue to enlarge after endovascular repair, even in the absence of a detectable endoleak, and that this enlargement may lead to aneurysm rupture. 31, [33] [34] [35] [36] It has been proposed that this condition be classified as endoleak-related. 32 Explanations for persistent or recurrent pressurization of an aneurysm sac include blood flow that is below the sensitivity limits for detection with current imaging technology 32, 34, 37 or pressure transmission through thrombus 38, 39 or endograft fabric. On physical examination, the aneurysm may be pulsatile and intrasac measurements may reveal pressures that approach or are equal to systemic values. At this time, endotension remains an investigative term for which some disagreement persists regarding its precise definition, appropriate usage, and current applicability. Endotension has been variably used in the literature to refer to aneurysm enlargement in the presence or absence of an endoleak and to persistent or recurrent pressurization of an aneurysm sac, as determined with direct intrasac measurement. 36 It is anticipated that future research may lead to the development of a surrogate marker for sac pressurization, allowing more precise identification and definition of this phenomenon. However, in the interim, the majority view of this committee is that the term endotension be confined to instances of aneurysm enlargement after endovascular repair in the absence of a detectable endoleak. As such, endotension should not be classified as an endoleak of undefined origin.
Methodology for measuring the presence, source, magnitude, and physiologic significance of endoleak and endotension. Although conflicting studies exists, most recent investigations suggest that the sensitivity of contrast-enhanced CT scan imaging is superior to that of other noninvasive techniques, such as duplex ultrasonography, for endoleak detection. 40 Nonetheless, CT scan imaging may fail to identify an endoleak if delayed images are not obtained after infusion of contrast medium. 41 Furthermore, the sensitivity and specificity of available imaging methods for endoleak detection have not been characterized. This may be particularly significant because of varying degrees of metal-induced scattering artifact that may obscure the identification of a small or subtle endoleak. Modality and method, including the use of angiography, should be clearly stated, and comparisons should only be performed with identical sources. Likewise, details should be provided regarding techniques used for direct pressure measurements of the aortic sac. Recently, specialized ultrasound scan techniques have been used to characterize the elastic modulus or stiffness of the aortic wall as a potential marker of intrasac pressure. [42] [43] [44] Validation studies are not yet complete, and conflicting results have been reported. 45 Characterizing the frequency of endoleak in a study population during a defined observation period. The presence or absence of an endoleak is an important component in the definition of both early technical and late clinical success. Therefore, the initiation of postimplant examinations for endoleak identification should begin within 1 month after graft implantation. Although recommendations exist with respect to the timing of postoperative imaging studies, the optimal frequency of follow-up examinations has not been defined with prospective analysis. Current data do suggest, however, that secondary or recurrent endoleaks appear at an annual rate of approximately 10%, without evidence of a significant decrease in prevalence over time. Therefore, studies aimed at defining long-term success will continue to require late imaging data.
Reports are recommended to include the prevalence (%) of endoleak over the duration of the implant period. If bar graphs are used to represent each time interval, the data can be further stratified by: (1) time of endoleak occurrence (primary, secondary, recurrent); or (2) site of endoleak origin (types I to V), to provide additional perspective. Similarly, endoleak data can be correlated with aneurysm enlargement by plotting: (1) the proportion of patients with a demonstrated endoleak; (2) the proportion of patients with a detectable endoleak and confirmed aneurysm expansion; and (3) the proportion of patients without detectable endoleak with demonstrable aneurysm expansion (ie, possible endotension). The number of patients available for analysis should be specified at each time point.
In characterizing the absence of endoleak at any time during a study period, life table or Kaplan-Meier analysis is an appropriate form for data presentation, as in freedom from endoleak or endoleak-free survival. In this regard, primary, assisted primary, and secondary curves, which are distinguished on the basis of whether or not a secondary surgical or catheter-based intervention was performed, can be used to assess the role of endoleak-directed intervention.
Device integrity
Despite premarketing fatigue testing of endografts, reports of structural failure throughout a wide range of device types continue to be noted with some frequency, including fractures of nitinol frames, elgiloy hooks, and disruption of endograft fabric. [46] [47] [48] [49] [50] [51] To date, the total number of published reports that document a serious adverse clinical event as the result of a structural failure remains relatively small. However, as a new class of implantable medical prosthesis, the impact of material fatigue and failure on long-term durability and clinical efficacy remains an issue of significance. As endograft technology evolves, new concepts or design modifications will require validation in a clinical setting. A standard system for monitoring and reporting device integrity will facilitate this process.
Methodology for documenting the integrity of an endoprosthesis. The integrity of the endovascular device may be compromised at the time of deployment (early device failure) or at some late date after graft implantation (late device failure). If disruption of a component of the prosthesis is observed at the time of deployment, the role of operator error, including inappropriate patient selection or technical misjudgment, should be noted. Furthermore, reports should distinguish between failure in the delivery catheter, endograft, or related systems. A recommended system for grading late deformation of endografts is proposed. Grade 0 indicates no device deformation. Grade I is used for devices with induced curvature, without acute angulation. Grade II refers to the presence of an angulation more than 30 degrees, and Grade III refers to angulation more than 30 degrees in association with device obstruction (IIIa) or component module disconnection (IIIb). The site of angulation should be specified.
Plain radiographs obtained in the anteroposterior, lateral, and oblique positions can be used for noninvasive assessment of the integrity of metallic graft components. High-resolution spiral CT scan imaging provides an additional approach, although all imaging methods remain limited in their ability to detect fabric failure. Investigations aimed at characterizing long-term device durability should contain late imaging data, which have been closely analyzed for device integrity. The prevalence of a structural failure in a carefully studied, unselected, and numerically significant subset of implanted devices can serve as a proper estimate of device failure. However, it remains inappropriate to estimate the prevalence of a given structural failure mode based on the total number of implanted devices, unless all devices have been properly imaged with the specific purpose of detecting identifiable markers of the type of failure under investigation.
The clinical significance of reported device failures should be stratified as: 0, not associated with an adverse clinical event or necessitating increased surveillance or intervention; 1, necessitating increased surveillance but without clinical event; 2, necessitating intervention to control or manage; and 3, resulting in conversion, rupture, major complication (see section on Complications) or death.
Reports of late device failure should also include potentially relevant clinical, anatomic, and hemodynamic parameters, such as implant duration, associated changes in aortoiliac morphology, and blood pressure.
Quality of life and cost-effectiveness studies
At a time of finite societal resources, the benefit provided by new interventions must be weighed against their expense. Therefore, studies designed to evaluate aortic endograft technology should include an assessment of both the cost of this technology and the quality of life of the treated patient. Formal Markov decision analysis models are recommended for application in studies designed to evaluate the cost effectiveness of endografts. The value of these models resides in their ability to incorporate intervention-related immediate-term and long-term expenditures and clinical outcome. In this regard, an effective analysis of the costs/benefits of aortic endografts will require determination of the impact of this technology on a large number of clinical outcome variables. Examples of variables that would favor the use of endografts with respect to open surgery include reduced hospital stay, diminished mortality and morbidity, improved quality of life in the perioperative period and over the long term, and reduced psychologic stress. These benefits, however, may be offset by high initial costs, expenditures related to monitoring and reintervention, and psychologic stress associated with the potential for aneurysm recurrence.
The effect of either open surgery or endovascular repair on a patient's quality of life can be prospectively evaluated with a variety of available instruments. [52] [53] [54] For an economic analysis, cost rather than charge data should be gathered, analyzed, and include as many of the total costs as possible, including preadmission imaging, postimplantation surveillance, and late secondary procedures. In regional or national population-based economic studies, investigators should consider the additional costs of endovascular intervention for patients who would not otherwise be candidates for open surgery.
CATEGORIZATION OF OPERATIONS AND PROCEDURES
Operations and procedures determine the magnitude, complexity, and expense of endovascular aneurysm repair, including all the additional procedures necessary to maintain a clinically durable result. Therefore, careful reporting will assist in efforts designed to enhance treatment efficacy either with revision of patient selection criteria, improvement of critical intaoperative adjuncts, such as imaging, anesthesia, and pharmacologic therapy, or refinement of device design. In all cases, identification of procedural goals and maneuvers and device components and configurations is important.
Categorization and definitions of endografting procedures, device configurations, and components
Precise description of the configuration, modularity, fabric, support, and fixation structures of the endografting system should be provided, if not detailed elsewhere, in addition to an accounting of all adjunctive components, devices, and maneuvers. Recommendations regarding uniform reporting of device configuration and components follow.
Configuration. Endograft configuration can be categorized either as a straight tubular aortic or an iliac graft, as an aortoiliac or an aortofemoral graft combined with contralateral iliac occlusion and femorofemoral bypass, or as a bifurcated or inverted Y-shaped graft. The prefix branched or nonbranched can be used to indicate the presence of side arms to visceral, brachiocephalic, or hypogastric vessels.
Modularity. Endografts should be categorized as comprised of a single unibody graft or modular components, which are assembled in situ within the vascular tree of the patient. Modular grafts must have overlapping junctions between components.
Endograft fabric. The nature of the graft material should be identified. For example, this material may be expanded polytetrafluoroethylene, knitted or woven polyester fabric (Dacron), or some other material or combination thereof. Reports should provide details regarding unique textile structures and whether the fabric is of standard thickness (ie, equivalent to that used in open repair). If fabric thickness is less than that commonly used for prostheses in open repair, the thickness should be specified.
Support system. The nature of the support skeleton of the device also should be defined. Reports should state whether the system fully or partially supports the graft, whether it is balloon expandable or self-expanding, and whether the supporting framework is fixed to the graft with stitches or otherwise incorporated within the graft. Likewise, the geometric configuration and the material composition also should be specified. For example, the support skeleton may be a braided or nonbraided framework and may be comprised of stainless steel, elgiloy, nitinol, or some other metal or plastic struts.
Fixation components and techniques. Reports should specify whether graft fixation is achieved with a component that is an integral part of the support skeleton or a separate or unique element of the endograft system. The geometric configuration of these components should be described, including whether hooks, pins, scales, barbs, or other means are used and whether fixation is to be achieved with balloon or self-expansion or by a means separate from endograft deployment. The material composition and the degree to which the fixation component extends above or below the graft material should be specified.
In addition to characterizing the actual fixation components, the percent of graft oversizing relative to the host artery diameter at the intended fixation sites should be reported, because this may affect attachment and sealing. Finally, the intended placement of a fixation system below or above renal artery or other visceral or pelvic vessel orifices should be noted.
Endograft extensions and intraluminal stents. The nature of adjunctive devices to assure proper patency and positioning of the endograft should be described. For example, reports should include details of graft extensions and the use of adjunctive intraluminal balloon expandable or self-expanding stents.
Adjunctive maneuvers: preoperative, intraoperative, and postoperative
Definitions.
A principal procedure is one that the surgeon believes to contribute most to aneurysm treatment, such as placement of endograft components. An adjunctive procedure is any other procedure that is designed to augment the effects of the principal procedure, such as angioplasty of an iliac artery stenosis or placement of a bypass graft between an external iliac and hypogastric artery. Such procedures may occur in the preoperative, intraoperative, or postoperative periods and should be designated in like manner. An ancillary procedure is one that does not contribute to the overall treatment of the aneurysm, such as the simultaneous repair of an inguinal hernia. Primary procedures refer to all interventions performed at the time of initial endovascular repair. Secondary procedures include all operations or endovascular interventions performed at a later date.
Preoperative adjunctive maneuvers. Categorization of preoperative adjunctive procedures is based on a consideration of unique sets of common objectives that are most often related to treatment of concomitant arterial occlusive disease to facilitate access or a prophylactic intervention to reduce the likelihood of endoleak or ischemia after endograft deployment. For example, the treatment of concomitant arterial occlusive disease may be necessary to improve access through the iliac arteries or to allow the treatment of renal or visceral disease, which may be rendered more difficult if performed after the principal procedure. In addition, the management of collateral arteries originating within the aneurysm may be necessary to prevent type II collateral endoleak after endoluminal repair of the aneurysm. The hypogastric arteries may require embolization when an aneurysm involves the abdominal aorta and the common iliac artery. The IMA and lumbar arteries may require embolization in AAAs, and the celiac artery may require embolization in thoracoabdominal aneurysms in which the superior mesenteric and renal arteries do not arise from the aneurysm. Finally, adjunctive procedures may be necessary in anticipation of ischemia that may result from the principal procedure, thereby necessitating prophylactic treatment. With this in mind, a categorization scheme for preoperative adjunctive maneuvers is provided in Table III .
Intraoperative adjunctive maneuvers. It is recommended that intraoperative adjunctive maneuvers be classified as planned procedures or unplanned procedures. Planned procedures comprise techniques that are part of a preformulated operative strategy, and unplanned procedures are necessary for management of unintended complications or an otherwise unsatisfactory outcome. Categorization schemes for planned and unplanned intraoperative maneuvers are provided in Tables IV and V, respectively. Postoperative adjunctive maneuvers. Postoperative procedures should be categorized with respect to treatment objectives, including local wound management, endoleak, and graft limb occlusion. In addition to reporting procedures used in the management of graft limb obstruction, outcomes should be described in accordance with published standards for reports dealing with lower extremity 55 A categorization scheme for planned intraoperative maneuvers is provided in Table VI .
Conversion to open surgical repair. Conversion from endovascular to open repair may be required either at the original operation (primary conversion) or on a subsequent occasion (secondary conversion). Secondary conversion also should be classified as urgent or elective. For example, secondary conversion for persistent endoleak in an asymptomatic aneurysm is an elective procedure, and conversion precipitated by aneurysm rupture or arterial occlusion is an urgent intervention. Details of conversion should be reported, including indication, site of aortic control, and other relevant operative information. Additional imaging studies, such as angiography or intravascular ultrasound, may be conducted in the operating room to assist in a final determination of aneurysm suitability for endovascular repair. Therefore, intent-to-treat should be considered initiated by any maneuver directed at treating the aneurysm with an endovascular approach that follows the completion of intraoperative preprocedural aneurysm imaging.
REPORTING DEATHS AND COMPLICATIONS
Standardized reporting of deaths and complications is necessary to establish endograft exclusion as safe and effective therapy for aortic aneurysm. These standards are necessary to compare endovascular procedures with other minimally invasive techniques and conventional surgery for patients at low and high risk. Thus, reports that carefully compile these data will lead to the development of criteria for selecting the most appropriate procedure for a given patient and provide scientifically valid information for advances in the technology of endograft exclusion.
Deaths
All deaths that occur within 30 days of the operative procedure should be categorized as operative deaths and classified as either procedure-related or device-related. Deaths that occur after 30 days should be considered late deaths. The cause of late death and its relationship to the implanted device or procedure should be noted. Aneurysmrelated deaths should be reported explicitly and are defined as all deaths due to aneurysm rupture, a primary or secondary procedure, or surgical conversion. Because these issues are frequently difficult to determine in the absence of an autopsy or direct assessment at surgery, the reliability of the information used to make these determinations should be stratified. The cause of death should be classified as verified if on the basis of autopsy findings, direct surgical observation that defines the status of the aneurysm, or definitive imaging studies of the endograft obtained during the patient's terminal illness. When this level of information is unavailable, the cause and its relationship to the procedure and device should be classified as probable if the clinical picture is consistent and documented with reliable observations during the terminal illness. When these criteria cannot be met, the cause of death should be considered indeterminate.
Complications
Complications should be reported with standardized definitions and severity scoring to make appropriate comparisons with other methods of therapy and to objectively discern improvements or failures accruing from advancements in device design. Difficulties may arise in determin- ing precise gradations of severity. Nevertheless, complications should be assigned a severity score so that degrees of morbidity can be assessed and compared. The following scoring system has been modified from Rutherford et al. 55 Mild (1) indicates that the complication has occurred but resolved spontaneously or with nominal intervention, did not prolong hospital stay, and did not cause permanent impairment. Moderate (2) indicates the need for significant intervention, prolongation of hospitalization more than 24 hours, and at most, minor permanent disability that does not preclude normal daily activity. A severe complication (3) necessitates major surgical or medical intervention, may be associated with prolonged convalescence, is usually accompanied by prolonged or permanent disability, and may result in death. 56 Complications are presented in Table VII . Column 1 lists individual complications with specific definitions as needed and details for inclusion. Column 2 provides additional specifications for severity grading beyond the general criteria described previously. All complications should be classified as procedure-related or device-related, and anatomic site and presumed etiology should be reported where appropriate. All complications graded as moderate (2) or severe (3) are considered major complications, and those graded as mild (1) can be considered minor complications.
INVESTIGATOR DISCLOSURE AND CONFLICT OF INTEREST
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